The extent of embryonic death in preimplantation period in the pig may reach even 40%. Several factors contribute to this phenomenon (onset of oestrogen production, uterine space, chromosomal inbalance). The aim of the present study was to clarify whether genetic sex influences the development of pig embryos in the preimplantation period since the already published data is not consistent. Porcine embryos were flushed out post mortem on day-10 after insemination, photographed and individually frozen. DNA was extracted from 91 embryos and sex examined by use of PCR method with pair of primers corresponding to the SRY gene. 94.5% of embryos were succesfully sexed. Embryonic perimeter was measured by means of computer aided programme and sexed embryos were classified and grouped into three categories: small, medium and large, accorrding to their perimeter. According to statistical analysis, embryonic size was not influenced by genetic sex. The overal sex ratio, females to males (1.4:1) was not significantly different from the expected 1:1. Moreover, no significant difference between the percentage of males and females was found in the three categories.
INTRODUCION
The proportion of embryos that die during early gestation in the pig ranges from 25 to 40% (Pope et al., 1990; Lambert et al., 1991) . Early investigations were concentrated on chromosomal abnormalities as a potential source of this loss but few such anomalies were detected (McFeely, 1967; Smith, and Marlow, 1971; Moon et al., 1975; Dolch and Chrisman, 1981; Hoeven et al., 1985) . Furthermore it was shown that many of the chromosome anomalies that were found were only in the trophloblast and not the embryo itself (Long and Williams, 1982) and it was concluded that gross chromosome abnormalities were not a major cause of early embryonic death in the pig. As has been suggested by Roberts et al. (1993) asynchrony within a litter is caused by the losses of conceptuses that are genetically normal but which are lagging in their development. More recently, interest has focused on the effect of asynchronous development of the embryo and uterine environment. It has been suggested that within a litter the more developed embryos start to produce oestrogen, and thus advance uterine secretions, to the detriment of their smaller, slower growing littermates (Dziuk, 1985; Pope et al., 1988) . The question remains, however, as to why some embryos are faster growing than others.
It its known that in cattle there is a sex difference in the rate of early cleavage of blastocysts in vivo ( Avery et al., 1989) as well as in vitro (Avery et al., 1991; Xu et al, 1992; Yadav et al., 1993) . A similar sex difference occurs in the rate of growth of pre-implantation stages in the mouse (Valdivia et al., 1993) with males growing faster than females and it is assumed that it is the embryonic genome that is the controlling factor. Similar investigations in the pig have produced conflicting results. Some reports have not shown the sex dependent relationship in the embryonic size (Stumpf et al., 1994; Pomp et al., 1995; Kaminski et al., 1996) whereas that of Cassar et al. (1994) proved that hypothesis.
The aim of the present study was to clarify whether genetic sex influences the development of pig embryos in the preimplantation period.
MATERIAL AND METHODS

Embryo collection
Pure bred Duroc boar semen was used to inseminate Landrace x Yorkshire sows. At day 10 of gestation (day 0 = day of artificial insemination) the sows were slaughtered, the embryos flushed post mortem, photographed and individually frozen in liquid nitrogen (Nissen et al., 1997) .
DNA extraction
The frozen embryos were thawed and digested with proteinase K (final concentration of 0.2 mg/ml) at 55°C for 10 h and then boiled at 100°C for 5 min in order to inactivate the enzyme. This procedure was followed by phenol/chlorophorm extraction and ethanol precipitation. The DNA was resuspended in 300 JLXI of water and frozen. All samples were tested for the presence of DNA using a pair of primers corresponding to a pig autosomal repetetive sequence as described by Ellergen et al. (1992) .
Embryonic sex determination by PCR
A pair of degenerated primers corresponding to the SRY gene of several domestic species (Griffiths and Tiwari, 1993) were verified on DNA samples derived from 14 adult animals of both sexes and used to sex the pig embryos. The primer sequences were as follows:
PCR reactions were carried out using a Techne thermal cycler (model PHC-3) in a final 50 |ul volume consisting of a 4.0 |il aliquot of embryonic DNA template (20-40 ng DNA), 200 juM of each dNTP (Perkin Elmer), 1 |LIM of each primer, 5 UI Taq polymerase (Perkin Elmer, Prime Zyme), lxPCR buffer. The optimal conditions for the SRY primers were as follows: 1 cycle at 94°C/10 min followed by 50 cycles (94°C for 30 sec, 50°C for 30 sec, 72°C for 30 sec) and finishing with 1 cycle at 72°C for 10 min. PCR products were visualised after electrophoresis on 1.5% agarose gel stained with ethidium bromide.
Embryo measurement
The photographic negatives were used to measure the perimeter of each embryo by means of a computer aided programme (Vids III Synoptics Cambridge, UK). Embryos within each litter were classified and grouped into three categories: small, medium and large by three equal divisions of the size range between the smallest and largest litter-mates, as suggested by Cassar et al. (1994) . This allowed within and between litter comparisons to be made.
Statistical analysis
Sex ratio was tested by chi-square analysis corrected for small sample size (Yate, 1934) , whereas the effect of sex on embryonic size was evaluated with two-factor analysis of variance procedure (PROC GLM of SAS, 1988).
RESULTS
A total of 97 day-10 pig embryos from 5 litters were collected, photographed and frozen. The extracted DNA was checked on 1% agarose gel. In 6 samples no DNA was found and was probably lost during embryo manipulation. The test with pig autosomal primers confirmed the presence of DNA in the remaining 91 samples.
Eighty six of the 91 embryos (94.5%) were successfuly sexed using the SRY primers (Table 1 ). An embryo was classified as male when the 216bp product corresponding to the SRY gene was present, and as a female when several non specific bands of different lengths (but not 216 bp) were seen (Figure 1) . Each DNA sample was tested in duplicate or triplicate in order to confirm the result (i.e.: male, female) since no autosomal primer was included with the SRY primers. In 6 samples there was insufficient detail on the gels to permit a diagnosis and therefore these were classified as undiagnosed.
Perimeter measurements of the embryos confirmed the great diversity in size amongst pig conceptuses at the same gestational age both within and between litters. This ranged from 1.84 to 33.95 mm ( Table 2 ). The overal sex ratio, females to males (1.4:1) was not significantly different from the expected 1:1 (X 2 = 1.82; P>0.05 ). When the data from all the litters were pooled there was no statistical difference between the percentage of males and females in the three categories (small % 2 = 1.8; medium % 2 =0.4, large % 2 =0.04; P>0.05). The percentage of males in each category was: 1. small embryos 31.3, 2. medium embryos 43.2, 3. large embryos 46.2 (Table 3) .
TABLEl
The results of pig embryo sexing by PCR using SRY primers Litter  collected  analysed  sexed  Litter  collected  analysed  females  males  total   I  26  25  12  12  24  II  29  27  20  7  27  III  17  16  12  3  15  IV  16  15  3  10  13  V  9  8  3  4  7   Total  97  91  50  36  86  Sex ratio 1.38 1 Figure 1 . Sex determination of day-10 pig embryos using the SRY primers. Lanes: 1, 8 DNA size marker pUC18 Haelll; 2, 3 -genomic DNA derived from adult male (2) and female (3); 4-7 -embryonic DNA (4,5 -males; 6,7 females). The SRY specific band (216bp) is present on all DNA samples of male origin, whereas several nonspecific bands are present on female DNA 
Number of embryos
DISCUSSION
The great diversity in embryonic size both within and between litters at analysed gestational age in the pig makes between litter comparisons difficult. Furthermore, since the larger embryos are often eliptical rather than spheroid it is difficult to compare a consistent parameter (Figure 2) . We decided that the perimeter, rather than the diameter, of the embryo was better for comparison because this would accommodate both eliptical and spheroid embryos whether or not they were collapsed and flattened. Previous workers measured the diameter of each embryo (Youngs et al, 1994; Pomp et al., 1995; Kamihski et al., 1996) even when the developmental stage suggests that they would not be spherical. Figure 2 . A group of day-10 litter-mate pig embryos analysed in the present study, demonstrating their size (perimeter in mm) and shape diversity (the bar represents 1 mm) Cassar et al. (1994) using cytogenetic method, found that male pig conceptuses were generally larger than female conceptuses on day-10 after mating. The cytogenetic method for sex identification tends to result in a higher percentage of undiagnosed material. Cassar et al. (1994) had a diagnosis rate of only 58% compared to 100% (Pomp et al., 1995; Kamihski et al., 1996) , 84% diagnostic rate (Stumpf et al., 1994) and 94.5% (present study) using molecular techniques. All the previous studies that used PCR for embryo sexing failed to find any relationship between sex and embryonic size at this gestational age (10-12 days after insemination). Our findings agree with these reports.
Each worker however, used different methods of assessing the embryonic size. This presents difficulties in the interpretation and comparison of the different papers. In the work reported by Pomp et al. (1995) whole litters were classified as having either large or small embryos and the within litter variation in embryo size was only 0.2 mm. The work reported by Kaminski et al. (1996) involved reciprocal transfer of embryos from the Meishan and Yorkshire breeds and there were significant interactions between uterine type and embryo breed and embryo size.
The pig would therefore appear to be different from other species investigated in that there is not a sex difference in the growth rate of pre-implantation embryos. Therefore, some other factor or factors must influence the variation in size of embryos at the same gestational age within a litter. As has been shown by Soede et al. (1993) within-litter embryonic diversity was related to the duration of fertilization process and the accessory sperm count. The ovulation span, however, did not influence embryonic diversity at 114-121 h after ovulation (Soede et al., 1992) .
